The complete haemagglutinin (HA) of adenovirus type I I sedimented more rapidly than the corresponding component of type 3. No significant difference was found between these two serotypes in the rates of sedimentation of their incomplete HAs, isolated haemagglutination-enhancement antibody absorbing components obtained by treatment with guanidine-HCl and slowly sedimenting haemagglutinafion-inhibition antibody absorbing components. These three products may be pentons (vertex capsomeres plus projections), isolated vertex capsomeres and projections (fibres), respectively.
INTRODUCTION
The complete haemagglutinins (HAs) of adenovirus types 3 and i i, both representafives of Rosen's subgroup I (Rosen, i96o) , differ in some characteristics. These differences concern their temperature requirement for agglutination, capacity to agglutinate erythrocytes of different species of monkeys and thermostability (Rosen, 196o; Simon, 1962; St0hr & Wigand, 1965) . In previous studies of soluble components of adenovirus type I I (Norrby, I968) it was found that the complete HA of this serotype sedimented relatively rapidly in sucrose gradients. It was suggested that its rate of sedimentation was even higher than that of the corresponding component of adenovirus 3 (Norrby, I966a) . The present paper describes results of a direct comparison of physical characteristics of these two complete HAs and of components participating in their formation, i.e. pentons, fibres (nomenclature according to Ginsberg et al. 1966) and isolated vertex capsomeres (Norrby & Skaaret, 1967) . The ultrastructural characteristics of complete adenovirus type I I HA are also described.
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Virus and cell cultures. Prototype strains of adenovirus types 3 and I I were used.
Virus material was prepared either in a human bone marrow cell line--Masa cells--or a human embryonic lung cell line, Lu IO6, by use of techniques described previously (Norrby, I966b; I968a, b) .
Preparation ofhyperimmune sera. Tenfold concentrates of adenovirus types 3, 5 and I I propagated in either of the cell lines mentioned above were used. Rabbits were given an intramuscular injection of 4 ml. material mixed with Freund's complete adjuvant and a booster 4 to 5 weeks later with a dose of I to 2 ml. material intravenously. The animals were exsanguinated after another week.
Tests for biological activities. The techniques used for quantification of complete HA, incomplete HA, haemagglutination enhancement antibody consuming (HEC) and haemagglutination inhibition antibody consuming (HIC) material have been described (Norrby, I968a; Norrby & Skaaret, I967) . Group-specific complement fixing antigen was determined by a drop technique (Svedmyr, Enders & Holloway, 1952) . Two units of an antiserum against purified particles of adenovirus type 5 and two units of complement were employed per antigen dilution. The antiserum did not react with non-viral constituents.
Technique for zonal centrifugation. The techniques of preparation, centrifugation and fractionation of linear 5 to 20 % sucrose gradients were described by Norrby (I966a, b) .
Electron microscopy. The negative contrast technique of Brenner &Horne (I959) was used. One drop of the material to be examined, dialysed against a 1% ammonium acetate solution, was mixed with one drop of a 2 % sodium tungstosilicate solution (Wilcox, Ginsberg & Anderson, 1963 ) on a piece of dental wax. If needed, purified bovine albumin was added to the sodium tungstosilicate solution in a final concentration of o.oI % to improve the spreading of the material on the grid. The mixture of virus material and contrast solution was dropped on to carbon-coated grids. Excess fluid was removed with a filter paper after which the grids were left to dry in the air. Examinations were made in a JEM-5 Y electron microscope at primary magnification of 40,000 x to 50,000 x.
RESULTS

Comparative zonal centrifugation of complete HAs of adenovirus types 3 and I I
A mixture of adenovirus types 3 and I I materials, from which virions and empty capsids had been removed, was subjected to a zonal centrifugation at 25,000 rev./min. in rotor SW 25 for 6 hr (Fig. I) . The two HAs were determined simultaneously by incubation of the HA tests at 37 °. Adenovirus type I I HA was identified separately by performing the HA tests at 4 ° and adenovirus type 3 HA by incorporating an antiadenovirus type I I serum in the diluent. The complete adenovirus type I I HA was recovered close to the bottom of the tube, whereas the corresponding component of type 3 had only sedimented to the middle of the gradient. There was thus a marked difference in sedimentation rates of the two components. 
Comparison of soluble adenovirus components
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Comparative zonal centrifugation of incomplete HAs and slow-sedimenting HIC test positive components of adenovirus types 3 and l I
In an attempt to explain the difference in sedimentation rates of complete adenovirus type 3 and i i HAs the sedimentation characteristics of other soluble components were also compared. Before this analysis the complete HAs were removed by erythrocyte absorption (N0rrby, I966b; Norrby, I968a ). A mixture of the remaining com- 
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ponents was centrifuged in sucrose gradients at 24,500 rev./min., in rotor SW 25 for 42 hr (Fig. 2) . The distribution of incomplete HA and slow-sedimenting HIC test positive components was determined. The incomplete HA of one serotype was quantified in the presence of an antiserum against the other serotype and vice versa. The .incomplete HAs were recovered in the high density region of the gradient. In some experiments the activity of incomplete adenovirus type rf HA extended towards somewhat higher densities than the corresponding component of type 3;but in none of the experiments was this difference significant. The two different slowly sedimenting HIC test positive components seemed likewise to sediment at similar rates.
Distribution after zonal centrifugation of adenovirus type II material treated with guanidine-HCl
In previous studies of adenovirus type 3, treatment of virus material with guanidine-HC1 in carefully adjusted concentrations led to a disintegration of penton components into isolated HEC and HIC test positive components (Norrby & Skaaret, 1967) . The * The salt was added in dry form. After incubation for 30 min. at 37 ° in a water bath the samples were carefully dialysed at +4 ° against phosphate buffered, physiological saline, pH 7"2.
t Demonstrated in the presence of an anti-adenovirus type 3 serum. :~ Quantified in tests including an anti-adenovirus type 5 serum. --= No assay possible due to the presence of large quantities of complete HA.
former sedimented as a homogeneous population of particles in zonal centrifugation experiments at a slightly slower rate than hexon components (group-specific CF antigen). It was assumed that the former components represented isolated vertex capsomeres. Accordingly, experiments were made first to see whether treatment with guanidine-HC1 had similar effects on adenovirus type i I material (Table I) . The results compared well with those previously found in studies of type 3 (Norrby & Skaaret, I967) . At concentrations of guanidine-HCl greater than i'5 i all complete and incomplete HA activity was destroyed, whereas there was no change in the titre of groupspecific CF antigen. The titres of HEC and HIC test positive material were unchanged after treatment with both 1.5 i and 2.0 i-guanidine-HC1. 
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subjected to zonal centrifugations in 5 to 2o% sucrose gradients. Adenovirus type 3 material treated with guanidine-HC1 was centrifuged in parallel. The conditions of centrifugation were 24,ooo rev./min., SW 25 rotor for 42 hr (Fig.3) . Group-specific CF antigen was similarly distributed in the gradient both before and after the treatment. No incomplete HA was present in any of the fractions. The major part of all HEC test active components sedimented at a slightly slower rate than the group-specific CF antigen. All HIC test positive material sedimented slowly. In the region of the gradient which contained ,the latter activity some HEC test positive material was also presenL HEC test positive material of this kind was also demonstrable in untreated material (Norrby, I968a) , but not in adenovirus type 3 material treated with guanidine-HC1 (Norrby & Skaaret, 1967) . Apart from this, no differences were found between the distributions in the gradients of the corresponding activities of guanidine-HCl-treated materials of the two serotypes. 
Ultrastructural studies of the complete adenovirus type I I HA
The fine structure of complete adenovirus type 3 HA was described by Norrby 0966a). As a direct approach to the problem of structural differences between the complete HAs of this serotype and of type IL the latter was also examined .in the electron microscope. Complete HA purified by zonal centrifugation was used for. this study. Like the complete HA of type 3 the corresponding component of adenovirus type I I appeared to be star-shaped (PI. I, fig. I ). Peripheral projections were clearly distinguished (P1. I, fig. I , 2) and their length, Ioo to Izo g, and form were similar to those of adenovirus type 3 projections. However the cores of the two complete HAs appeared to differ somewhat. Both of them were composed of capsomere-like components with a tubular form. These components of adenovirus type iI HA were estimated to have the following dimensions: inner diameter 20 to 25 ~, outer diameter, 65 to 85 ~ and length 65 to 80 A. The arrangement of these capsomere-like structures in the core of the complete HA was generally difficult to discern. It appeared as if it had a tendency to disrupt partially in connexion with the process of drying on
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E. NORRBY to the grid. Occasionally free-lying capsomere-like structures carrying a projection were seen (P1. I, fig. I ). Sometimes the different components of the complete HA could be more dearly distinguished (P1. I, fig. 2 ). Their arrangement was thought to conform with the kind of symmetrical aggregate previously suggested for adenovirus type 3 complete HA, i.e. a pentagonal dodecahedron formed out of I2 capsomere-like structures each carrying a projection (Norrby, I966a ). An accurate estimate of the overall dimensions of the complete adenovirus type I i HA was made difficult by its apparent tendency to dissociate during drying on the grid. When measured on particles thought to have remained relatively intact, the diameter was found to be 46o to 55o A including projections and 28o to 33o A excluding them. The ranges of values include the variations in diameters expected when structures seen along the two-, three-or fivefold axis of symmetry are measured.
DISCUSSION
The fact that the complete adenovirus type I i HA sediments I'5 to 2 times faster than the corresponding component of type 3 implies a considerable difference in mass between these two structures, since they both exhibit the same kind of symmetrical organization and most likely are composed exclusively of proteins. The source of this mass variation must be structural differences in one or more of the different parts of the complete HA, i.e. vertex projections, vertex capsomeres or the postulated internal component (Norrby, I966a) . Vertex projections carried by complete HAs of adenovirus types 3 and I I were about the same shape and size. Provided the identification of slowly sedimenting HIC test positive material with fibres is correct (Norrby, I968a; Norrby & Skaaret, 1967) , isolated projections of the two serotypes behaved similarly in zonal centrifugation experiments. A voriation in rigidity of projections could influence the sedimentation rate of different star-shaped complete HAs, but it is unlikely that such a variation could alone explain the differences recorded. Measurements of vertex capsomeres forming part of a complete HA are often difficult and therefore only approximate values can be obtained. The dimensions of vertex capsomeres of the complete HAs of type 3 and i i were not found to differ significantly. Treatment of adenovirus type 3 material with adjusted amounts of guanidine-HCl caused a breakdown of complete and incomplete HA into isolated HEC test positive material and slowly sedimenting HIC test positive material. The former was assumed to represent isolated vertex capsomeres (Norrby & Skaaret, 1967) . In a similar way isolated HEC test positive material was obtained from adenovirus type I I material in the present study. The finding that this material and the corresponding product of type 3 exhibited similar sedimentation characteristics is in agreement with the conclusion, derived from the electron microscopic examinations, that the vertex capsomeres of the two serotypes have a similar structure. Vertex eapsomeres carrying projections, i.e. penton components, were thought to be the incomplete HAs of type 3 (Norrby, I966b) and type I I (Norrby, I968a) . The comparison in the present studies of the zonal centrifugation behaviour of incomplete HAs of these two serotypes did not reveal any marked difference in their sedimentation rates. Thus it appears likely that neither variation in mass of vertex capsomeres nor of projections is responsible for the difference in sedimentation rates of the complete HAs of types 3 and I I.
The final component that could be and, as inferred from the discussion above, most Fig. I . The general appearance of a preparation of purified complete adenovirus type I I HA as seen by the negative contrast technique with sodium tungstosilicate. The arrow points to three freelying capsomere-like structures plus projections released from a disrupted particle. 
